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(54) TRANSMITTER AND OPTICAL TRANSMISSION SYSTEM 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a transmitter 
and an optical transmission system by which optical 
signal processing is conducted to enable high-speed 
transmission. 

SOLUTION: The high-speed optical transmission system, 
where optical fibers are interconnected is built up, its 
transmission side is provided with an optical signal 
transmission circuit 1 0, an optical redundant bit 
transmission circuit 20 which acts as an error correction 
circuit, an optical redundant bit generating circuit 30 and 
an optical MUX 40, and its receiver side is provided with 
an optical redundant bit reception circuit 70 which acts 
as an error correction circuit, an optimal signal reception 
circuit 60, an optical redundant bit processing circuit 80 
and an optical MUX 50. The error correction circuit 
consists of, e.g. an optical multiplexes circuit (8:1/4:1 
optical multiplexer circuit)/ demultipexer circuit (1:8/1:4 
optical demultiplexer circuit), a optical branch circuit, an 
optical exclusive OR circuit(EXOR circuit), and an optical 
AND circuit (AND circuit) and an optical NAND circuit (NAND circuit). In this way, the optical 
transmission system, that can automatically detect and correct a code error caused in a 
transmission line, is built. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the transmission equipment and the lightwave transmission system which said 
transmission equipment possesses the error correction circuit which detects automatically the 
digital error generated in the transmission line, and corrects it in the high-speed lightwave 
transmission system to which transmission equipment was connected with the optical fiber, and 
are characterized by constituting said error correction circuit with multiplex [ optical ] / 
separation circuit, an optical branch circuit, an optical exclusive "or" circuit, an optical AND 
circuit, and an optical negative AND circuit. 

[Claim 2] Said optical exclusive "or" circuit and said optical AND circuit are the transmission 
equipment according to claim 1 and the lightwave transmission system which have two or more 
input port, arrange said optical branch circuit and optical gate circuit in said each port at a serial, 
have the coupler which carries out optical multiplexing of the output from said optical gate 
circuit of each of said port, change, and are characterized by connecting the optical input signal 
from another port to the control input of said optical gate circuit possible [ supply ]. 
[Claim 3] The optical gate circuit provided in said optical exclusive "or" circuit is the 
transmission equipment according to claim 2 and the lightwave transmission system which are 
characterized by being constituted by the optical device which intercepts signal light by the 
optical control signal input. 

[Claim 4] The optical gate circuit provided in said optical exclusive "or" circuit The Koji shunt 
circuit and the optical gate circuit which consists of optical devices which become transparence 
to signal light by the optical control signal input, It has a means by which only pi shifts the 
optical phase between the branches carried out each two, and the coupler which multiplexs the 
branched branch again. The transmission equipment according to claim 2 and the lightwave 
transmission system which are characterized by already arranging in branch of one of the two a 
means by which said optical gate circuit gives said phase to branch of one of the two. 
[Claim 5] The optical gate circuit provided in said optical exclusive "or" circuit and said optical 
AND circuit is optical-electrical-and-electric-equipment conversion circuit which changes an 
electrical signal with a lightwave signal, electric-light modulation circuit which modulates light 
with an electrical signal, and the transmission equipment according to claim 2 and the lightwave 
transmission system which are characterized by constituting "Be alike." 

[Claim 6] Said electric - light modulation circuit is the transmission equipment according to claim 
5 and the lightwave transmission system which are characterized by being an electroabsorption 
modulator. 

[Claim 7] Said electric - light modulation circuit is the transmission equipment according to claim 
5 and the lightwave transmission system which are characterized by being a Mach TSUENDA 
interference pattern modulator. 

[Claim 8] The optical gate circuit provided in said optical AND circuit is the transmission 
equipment according to claim 2 and the lightwave transmission system which are characterized 
by being constituted by optical - light device which passes signal light by the optical control 
signal input. 

[Claim 9] The optical gate circuit provided in said optical AND circuit The Koji shunt circuit and 
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the optical gate circuit which consists of optical-light devices intercepted to signal light by the 
optical control signal input It has a means by which only pi shifts the optical phase between the 
branches which dichotomized, respectively, and the coupler which multiplexs the branched 
branch again. The transmission equipment according to claim 2 and the lightwave transmission 
system which are characterized by a means by which said optical gate circuit shifts said phase 
to branch of one of the two only in pi already being arranged by branch of one of the two. 
[Claim 10] Said optical negative AND circuit has two or more input port, and arranges an optical 
branch circuit and an optical gate circuit in said each port at a serial. In said port of one of the 
two Furthermore have an optical branch circuit, a phase pi shifter, and a coupler, and it has the 
coupler "which carries out optical multiplexing of said optical gate circuit output and coupler 
output of each of said port. Said optical gate circuit arranged in the port of the direction which 
the optical input signal from another port is connected to the control input of said optical gate 
circuit, and has said phase pi shifter It is the transmission equipment according to claim 1 and 
the lightwave transmission system which consider as said optical gate which becomes 
transparence to control light, and are characterized by committing said optical gate as an optical 
gate circuit which intercepts signal light to control light in said another port. 
[Claim 11] It is the lightwave transmission system which the error correction circuit of a 
transmitting side possesses the optical redundant-bit sending circuit which transmits the 
redundant bit of a lightwave signal in the lightwave transmission system which has an error 
correction circuit in a transmitting side and a receiving side, respectively, and contains the 
transmission equipment characterized by the error correction circuit of a receiving side 
possessing the optical redundant-bit receiving circuit which receives the redundant bit of a 
lightwave signal. 

[Claim 12] Said optical redundant-bit sending circuit and said optical redundant-bit receiving 
circuit are a lightwave transmission system containing transmission equipment according to claim 
1 1 characterized by providing the optical exclusive "or" circuit. 

[Claim 1 3] It is the lightwave transmission system which said optical redundant-bit generation 
circuit consists of optical exclusive "or" circuits, and contains the transmission equipment 
according to claim 1 1 characterized by said optical redundant-bit processing circuit possessing 
the optical exclusive "or" circuit and the optical pattern recognition circuit for recognizing a 
specific pattern. 

[Claim 14] Said optical pattern recognition circuit is a lightwave transmission system containing 
transmission equipment according to claim 1 3 characterized by providing the optical negative 
AND circuit. 



[Translation done.] 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the lightwave transmission system which 

transmits a ultra high-speed signal for high quality. 

[0002] 

[Description of the Prior Art] In recent years, in the transmission technique, instead of 
transmission by the electrical signal, optical transmission is used briskly, in the system adapting 
optical transmission, data traffic, especially IP (Internet Protocol) traffic of the Internet are 
increasing rapidly, and the need is also called two times within half a year. Under such 
circumstances, transmission capacity which exceeds Tbit/s is needed for a future transmission 
system. In order to realize such immense transmission capacity, the technique of WDM 
(Wavelength Division Multiplexing) which uses the broadband nature of an optical fiber positively 
and carries out channel multiplex with wavelength, and the technique of TDM (Time Division 
Multiplexing) which shortens pulse width of 1 bit of an optical channel, and carries out multiplex 
in a time domain must be used together. Even if it pursues only one of techniques, the above- 
mentioned transmission capacity is difficult and concomitant use of both technique is important 
for it. 

[0003] The channel spacing of WDM is narrowed or, as for the quality of the optical transmission 
considered to be high quality conventionally, the limitation beginning to be in sight with expansion 
of transmission capacity also in which method of raising the bit rate of a channel by TDM. For 
example, if WDM channel spacing is narrowed, by self-phase modulation (SPM) or the mutual 
phase modulation (XPM), a spectrum will cause breadth during optical fiber propagation, and will 
cause a cross talk in the adjoining channel. Or near the zero-dispersion wavelength of an optical 
fiber, by the effectiveness of 4 light-wave mixing, it is inversely proportional to the square of 
channel spacing, and a coherent cross talk is caused again. On the other hand, if the bit rate of 
each channel is raised by TDM, in proportion to the square of a bit rate, a pulse will cause 
breadth wave degradation by the effectiveness of wavelength dispersion. Moreover, few [ a fiber 
core ] ovalities make a fiber produce two main shafts, and produce wave degradation too by the 
difference in the velocity of propagation in these main shafts (namely, effectiveness of 
polarization distribution). Furthermore, although optical amplifier is indispensable to both of the 
techniques, the spontaneous emmision noise of optical amplifier is accumulated for every 
connection of amplifier, and makes a bit error produce a floor property in the basis of some 
conditions. 

[0004] Application to the lightwave transmission system of an error correcting code (FEC) is 
studied actively that such a limitation should be overthrown. FEC improves degradation of quality 
regardless of the cause of the error on a transmission line. Therefore, the circuit (for example, 
compensating circuit) of an analog is not necessarily the need by the cause of degradation, and 
there is effectiveness, like a digital circuit can be managed with one kind (however, it depends 
for the effectiveness of FEC only on the statistical property of an error). 

[0005] Some proposals are made to following [reference 1] - [reference 3] at FEC in a lightwave 
transmission system. 
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[Reference 1]: ITU-TG.975;"Forward error correction in submarine systems"Geneva (1996), 
[0006] [Reference 2]: M.Tomizawa et al., "Forward error correcting codes in synchronous fiber 
optic transmission systems", J.Lightwave Technol., Vol.15, No.1, and pp 43-52 (1997). 
[0007] [Reference 3]: JP,1 1-32008,A: Optical transmission device Others [ Tomizawa ]. 
[0008] There is a sign applied with the submarine lightwave transmission system in [reference 1], 
and having the frame format original with the seabed is shown in it. It is shown in [reference 2] 
that there is a sign in a land system, and the intact OH field of an international-standards format 
called SDH (Synchronous Digital Hierarchy) is positively utilized for it. Moreover, the proposal of 
transmitting a redundant bit on another wavelength is shown in [reference 3], being based on 
SDH. 

[0009] According to the system configuration of the transmission equipment of the conventional 
technique shown in drawing 14 , the error correction circuit (namely, error correcting code 
circuit (FEC)) which detects automatically the agreement error generated in the transmission 
line, and processes it electrically, respectively is established in the transmitting side and the 
receiving side. The error correction circuit of a transmitting side is the electric redundant-bit 
sending circuit 2 which transmits the redundant bit of an electrical signal, and the electrical 
signal correctly corrected through the electrical signal sending circuit 1 from the electric 
redundant-bit generation circuit 3 which generates the redundant bit of an electrical signal is 
changed into a lightwave signal, and it is transmitted from light MUX4. 

[0010] On the other hand, the lightwave signal received through light MUX5 is again changed into 
an electrical signal, and an agreement error is corrected automatically in the error correction 
circuit of a receiving side. The error correction circuit of this receiving side is the electric 
redundant-bit receiving circuit 7 which receives the redundant bit of an electrical signal, and a 
signal is supplied to the electric redundant-bit processing circuit 8 which processes the 
redundant bit of an electrical signal through the electrical signal receiving circuit 6, and will be in 
a right condition. 
[0011] 

[Problem(s) to be Solved by the Invention] Like ****, the communication link of a certain 
amount of rate is attained by transmission through electrical signal processing. However, if the 
bit rate per channel rises and it becomes 80 Gbit/s extent, signal processing by the electrical 
and electric equipment is difficult to realize. Like the conventional FEC circuit is premised 

on electric processing, and number Gbit/s is a limitation at most. It is equipment configuration 
top quantity cost ****** to take the signal of 100 Gbit/s classes into pieces to this level, 
although it takes into pieces even at a low speed (several 10 Mbit/s) and most is processed on 
TTL level at FEC realized with the transmission speed of current 1 0 Gbit/s extent. Electrical 
circuit actuation of the circuit which is still needed in that reference [3] removed the memory 
and CPU which serve as a bottleneck most although it is effective, i.e., an exclusive "or" circuit, 
and a pattern recognition circuit is impossible in 100 Gbit/s extent. 

[0012] Then, the purpose of this invention is to perform signal processing by light and offer the 
transmission equipment and the lightwave transmission system in which high-speed transmission 
is possible. 
[0013] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem and to 
attain the purpose, the following means are provided in this invention. This invention tends to 
realize the transmission system which has FEC and it on condition of so-called "all optical 
processings" or "optical-electrical-and-electric-equipment-light processing", following the 
architecture of an indication to the above [reference 3]. For this reason, in this invention, in the 
high-speed lightwave transmission system to which transmission equipment was connected with 
the optical fiber, it has the error correction circuit which detects automatically the digital error 
which this transmission equipment generated in the transmission line, and corrects it, and this 
error correction circuit proposes transmission equipment and a lightwave transmission system of 
the description which are constituted with multiplex [ optical ] / separation circuit, an optical 
branch circuit, an optical exclusive "or" circuit, an optical AND circuit, and an optical negative 
AND circuit. 
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[0014] 

[Embodiment of the Invention] Two or more operation gestalten are listed to below, and the 
summary of this invention is explained to it in detail. 

(The 1st operation gestalt) The system configuration of the transmission equipment of this 
invention is shown in drawing 1 . In the system configuration of this transmission equipment, the 
error correction circuit (FEC) which detects automatically the agreement error generated in the 
transmission line to a transmitting side and a receiving side, respectively, and is processed to 
them with light is prepared. 

[0015] The lightwave signal sending circuit 10, the optical redundant-bit sending circuit 20 which 
works as the above-mentioned error correction circuits, and transmits the redundant bit of a 
lightwave signal, and the optical redundant-bit generation circuit 30 which generates the 
redundant bit of a lightwave signal are established in the transmitting side. And the lightwave 
signal corrected correctly is transmitted to a network from light MUX40, without being changed 
as it is. On the other hand, as for the lightwave signal received through light MUX50, an 
agreement error is corrected automatically in the error correction circuit of a receiving side. The 
optical redundant-bit receiving circuit 70 which works as an error correction circuit of this 
receiving side, and receives the redundant bit of a lightwave signal, the lightwave signal receiving 
circuit 60, and the optical redundant-bit processing circuit 80 which processes the redundant bit 
of a lightwave signal are established in the receiving side. Therefore, it turns out in that each 
circuit block in drawing is optical processing or optical-electrical-and-electric-equipment-light 
processing that it differs from equipment (refer to drawing 14 ) conventionally. 
[0016] In order to explain the component of the transmission equipment of this invention in 
detail, the configuration of a lightwave signal sending circuit is shown in drawing 2 , and the 
configuration of an optical redundant-bit sending circuit is shown in dra win g 3 . Like dra win g 2 , 
the lightwave signal sending circuit 10 consists of an integrator (NOT circuit) 12 with the 8:1 
light multiplex circuit 11, and it is constituted so that the lightwave signal from the above- 
mentioned optical redundant-bit generation circuit 30 may be transmitted to light MUX40. 
Moreover, like drawing 3 , the optical redundant-bit sending circuit 20 consists of an integrator 
(NOT circuit) 22 with the 4:1 light multiplex circuit 21, and it is constituted so that the lightwave 
signal from the above-mentioned optical redundant-bit generation circuit 30 may be transmitted 
to light MUX40. 

[0017] 8:1 multiplex circuits 11 which constitute the lightwave signal sending circuit 10 are 
optical-multiplexing circuits. OTDM (Optical Time Division Multiplexing) is sufficient as optical 
multiplexing, and WDM is sufficient as it. The same is said of 4:1 optical-multiplexing circuits 21 
of the optical redundant-bit sending circuit 20. Especially, in the interior of the optical 
redundant-bit generation circuit 30, both the optical branch circuit section and the optical EXOR 
circuit section are performed by optical processing or optical-electrical-and-electric- 
equipment-light processing, and 100 Gbit/s classes can also operate. 

[0018] Below, drawing 4 shows the configuration of the optical redundant-bit generation circuit 
30. In addition, as an example, although the example of a Hamming (12 8) sign is given, it is not 
necessary to be necessarily this sign here. If it consists of the optical tee 31 and light EXOR32 
and a Hamming sign is inputted like illustration, the optical redundant-bit generation circuit 30 is 
constituted so that this may be dichotomized and sent to the lightwave signal sending circuit 10 
and the optical redundant-bit sending circuit 20. 

[0019] The configuration of the lightwave signal receiving circuit 60 is shown in drawing 5 , the 
configuration of the optical redundant-bit receiving circuit 70 is shown in drawing 6 , and the 
configuration of the optical redundant-bit processing circuit 80 is shown in drawing 7 . although 
1:8 light separation circuits 62 are arranged in the lightwave signal receiving circuit 60 and the 
optical discernment regenerative circuits 63. 65, and 66 and the optical clock extract circuit 64 
which perform discernment playback with light are arranged, there are no two of these latter 
parts — ** — it is good, although 1:4 light separation circuits 72 are arranged and the optical 
discernment regenerative circuits 73, 75, and 76 and the optical clock extract circuit 74 which 
perform discernment playback with light are arranged in the optical redundant-bit receiving 
circuit 70, there are no two of these latter parts — ** — it is good. 
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[0020] In addition, the differential delay between each wavelength is assumed [ having doubled 
beforehand and ] here. Like [ the optical redundant-bit processing circuit 80 ] the above- 
mentioned optical redundant-bit generation circuit 30, it is constituted by the optical tee 81 and 
the optical EXOR section 83, and also is constituted by the optical pattern discrimination 
decision circuit 84 by the optical EXOR circuit 82 classified by bit, and the optical AND (NAND) 
circuit. 

[0021] As shown in drawing 4 and drawing 7 which were mentioned above, optical processing 
circuit elements required as a digital disposal circuit are an optical branch circuit, an optical 
EXOR circuit, and an optical AND (or NAND) circuit. Here, an optical coupler is enough as an 
optical branch circuit. 

[0022] The configuration of an above-mentioned optical EXOR circuit and explanation of input 
port are shown in drawing 8 (a) and (b). The optical EXOR circuit of a configuration of having 
been shown in drawing 8 (a) makes control light two input port, the optical gate circuit 87 which 
intercepts light by the coupler and control light in each port, and one output of each coupler, and 
is constituted by the coupler as an optical multiplexing machine which multiplexs the output of 
two optical gate circuits 87 and 88 with optical wiring which makes the optical gate circuit 88 of 
another port drive. 

[0023] As shown in drawing 8 (b), if a port 2 to "0" from a port 1 and "0" are inputted, each 
optical gate circuit is the mode in which light is made to penetrate here, but since the signal light 
itself is 0, the output of an EXOR circuit is "0." Moreover, when "0" is inputted from "1" and a 
port 2 from a port 1, the optical gate circuit 1 is in signal passage mode, an optical gate circuit is 
in signal cutoff mode, an output serves as only passage of the signal light from a port 1, and the 
output of an EXOR circuit is set to "1." Since it is symmetrical with the upper and lower sides 
from "0" and a port 2 from a port 1 also in "1", it is the same. When "1" is inputted from both a 
port 1 and the port 2, both the optical gate circuits 1 and 2 are in optical cutoff mode, and an 
EXOR output is set to "0." Thereby, EXOR logic is checked. 

[0024] Although it inquires from the former about the optical AND circuit and many methods are 
proposed, if the logic of an optical gate circuit is reversed with the completely same component 
configuration, according to the configuration of the optical EXOR circuit 82 of drawin g 8 (a), and 
explanation of the input port of drawing 8 (b), becoming an optical AND circuit is shown by this 
invention. 

[0025] Moreover, the configuration of the optical AND circuit and NAND circuit which were 
mentioned above, and input port are shown in drawing 9 (a) - (d). In the optical AND circuit 
shown in drawing 9 (a), it becomes the contents of input port as shown in drawin g 9 (b). That is, 
if positive logic, i.e., control light, comes the optical gate circuit 93, it will consider as the mode in 
which signal light is passed. When "0" is inputted from "0" and a port 2 from a port 1 , since both 
the optical gate circuits 93 and 94 are in optical cutoff mode, the output of the whole AND 
circuit is 0. Moreover, when "1" is inputted from "0" and a port 2 from a port 1, the optical gate 
1 is in passage mode, the gate 2 is in cutoff mode, but since the signal "0" is coming to the port 
1, the output of an AND circuit is "0." Since the case of "0" is also the vertical symmetry from 
"1 " and a port 2 from a port 1 , it is the same. If "1 " is inputted from a port 1 and a port 2, it will 
become passage mode, it will be multiplexed and both gates 1 and 2 will be set to "1." In this 
case, the cautions the light of both branches interferes and it is made not to erase mutually are 
required. Moreover, the point used as two times in case the output of "1 " is EXOR also needs to 
be warned. 

[0026] The configuration of a NAND circuit is shown in dr awi ng 9 (c). Although the technique of 
pattern recognition is used for error bit specification by FEC, a NAND circuit is required for an 
AND circuit and coincidence to this. Moreover, the input port at this time serves as contents as 
shown in drawin g 9 (d). That is, Koji branching, the phase shifter, and the coupler are further 
connected to juxtaposition with the optical gate 1 of positive logic, the optical gate 2 of negative 
logic is arranged in the port 2, and each optical gate makes the input of the optical gate of 
another side control light here in the port 1 . When "0" is inputted from "0" and a port 1 from a 
port 1, the optical gate circuit 1 is in optical cutoff mode, the gate 2 is in light transmission 
mode, but since the signal of a port 2 is "0", the output of a NAND circuit is "0." 
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[0027] Moreover, since the optical gates 1 and 2 will serve as passage mode from it if "1" is 
inputted from a port 1 from "0" and a port 2, and the signal "1" is coming to the port 2, the 
output of an AND circuit is "1." In the case of "0", both gates are in cutoff mode from "1" and a 
port 2 from a port 1 , and a NAND output is "0." 

[0028] If "1" is inputted from a port 1 and a port 2, the gate 1 will become passage mode and 
the gate 2 will become cutoff mode, the output of the gate 1 — "1" — but, since only pi has 
shifted, it is multiplexed in the phase of a subbranch, and it is set to "0", and, finally the output 
of a NAND circuit is set to "0." This NAND circuit is a NAND circuit which negation attached to 
the port 1. The NAND circuit which negation attached to both ports is difficult to realize in an 
optical circuit. However, considering the application of FEC, it is in the condition which does not 
have an error as a syndrome is all "0", and there is no need for error bit specification in this 
case. Therefore, when there is an error, some bit of a syndrome is surely "1", and the optical 
pattern recognition circuit 84 can consist of NANDs or AND of this bit and other bits. 
[0029] Here, if the pattern recognition circuit [ for example / (0 0, 0, 1) ] which is the LSB error 
specification syndrome of a Hamming (12 8) sign was shown in dr awin g 10 , when EXOR would be 
connected to it in the above-mentioned optical pattern recognition circuit 84 and an above- 
mentioned LSB port and this pattern comes, a correction pulse is outputted to EXOR and an 
error can be corrected. 

[0030] (The 2nd operation gestalt) Then, the 2nd operation gestalt of this invention is explained. 
Although it may be substantially the same, the circuit element used here differs from the 1 st 
operation gestalt which mentioned above the fundamental configuration of the transmission 
equipment as the 2nd operation gestalt, and a transmission system as follows. First, when the 
concrete example of a configuration about an optical processing circuit element is given, an 
example shown in drawin g 1 1 (a) and (b) is the configuration of an optical gate circuit. 
[0031] In dra win g 1 1 (a), this optical gate circuit may be considered as all optical processings, 
and may use the supersaturation absorber of negative logic, and other things are sufficient as it. 
Moreover, as shown in drawing 1 1 (b), what constructed the optical gate (for example, 
supersaturation absorber) and the phase shifter of positive logic to the Mach TSUENDA 
interference pattern may be used, and other things may be used. Furthermore, what could use 
NOLM (Nonlinear Optical Loop Mirror) and constituted semi-conductor light amplifier 
(SOA:Semiconductor Optical Amplifier) in the Mach TSUENDA mold may be used. If the optical 
gate is considered as optical-electrical-and-electric-equipment-light processing, as shown in 
drawing 12 (a), the optical receiver (for example, UTC-PD:Uni-Traveling Photo Diode) 250 of 
high-speed high power and the electric-field absorption type light (EA) modulator 240 may be 
linked directly. Moreover, as shown in drawing 1 2 (b), you may make it in configuration the 
configuration of the optical receiver 290 and a predetermined Mach TSUENDA mold modulator. 
As a light corpuscle child, LiNb03 (LN crystal) 270 may be used, for example, and other things 
may be used. 

[0032] (The operation effectiveness) With the 1 st operation gestalt or the 2nd operation gestalt 
of this invention, a lightwave signal can perform all error correction processings now by carrying 
out the system configuration like instantiation above, without using an electrical signal like 
before. It can follow, for example, an error correction can be performed by the so-called 
to the ultra high-speed data signal of 100 Gbit/s classes per channel, and high quality and mass 
optical communication become possible as compared with the former. 

[0033] Moreover, if it assumes that the error in a transmission line has occurred at random here 
according to the theoretical value of a bit error rate (BER) curve shown in drawing 13 and the 
error correction circuit (FEC) concerning this invention is used, the error rate of 10-6 will be 
reduced by 10-11, for example. Furthermore, about 3dB margin can be earned as an optical S/N 
design again. 

[0034] As mentioned above, although explained based on the operation gestalt, also except that 
all transmission systems are all optical processings, employment of FEC on condition of optical- 
electrical-and-electric-equipment-light processing is possible, in addition deformation 
implementation various in the range which does not deviate from the summary of this invention 
is possible. 
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[0035] 

[Effect of the Invention] According to this invention, it becomes possible to perform signal 
processing by light and to offer the transmission equipment and the lightwave transmission 
system in which high-speed transmission is possible. 



[Translation done.] 



http:/ / www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2005/08/04 



JP.2001-251244.A [DESCRIPTION OF DRAWINGS] 



1/2 v 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the block block diagram showing the configuration of the transmission 
equipment of this invention, and a lightwave transmission system. 

[Drawing 2] Drawing 2 is the block diagram showing the configuration of a lightwave signal 
sending circuit. 

[ Drawin g 3] Drawing 3 is the block diagram showing the configuration of an optical redundant-bit 
sending circuit. 

[ Drawin g 4] Drawin g 4 is the block diagram showing the configuration of an optical redundant-bit 
generation circuit. 

[Drawing 5] Drawing 5 is the block diagram showing the configuration of a lightwave signal 
receiving circuit. 

[Drawing 6] Drawing 6 is the block diagram showing the configuration of an optical redundant-bit 
receiving circuit. 

[DrawmgJ7] DrawmgJ7. is the explanatory view showing the configuration of an optical redundant- 
bit processing circuit, and an error bit specification pattern. 

[Drawing 8] For drawing 8 (a) and (b), the block diagram in which an optical EXOR circuit is 
explained to and drawing 8 (a) shows the configuration of an optical EXOR circuit, and drawing 8 
(b) are the explanatory view of input port. 

[Drawing 9] Drawing 9 (a) - (d) is an explanatory view in which the block diagram in which the 
explanatory view in which the block diagram in which drawin g 9 (a) shows the configuration of an 
optical AND circuit, and drawing 9 (b) show the contents of the input port of this circuit, and 
drawing ? (c) show the configuration of an optical NAND circuit, and drawing 9 R> 9 (d) show the 
contents of the input port of this circuit by showing the configuration and input port of an optical 
AND circuit and a NAND circuit. 

[Drawing 10] Drawing 10 is the block diagram showing the configuration of an optical pattern 
recognition circuit. 

[Drawing 1 1] For drawing 1 1 (a) and (b), the block diagram of a circuit the example of an optical 
gate circuit is shown, and drawing 1 1 (a) considers as all optical processings, and using the 
supersaturation absorber and drawing 1 1 (b) are the block diagram of the circuit of the 
combination of a supersaturation absorber and a phase shifter. 

[Drawing 12] Drawing 12 (a) and (b) are the block diagram of the circuit where the example of an 
optical gate circuit was shown and the optical receiver and the Mach TSUENDA mold modulator 
were used for the block diagram of the circuit where the optical receiver and the 
electroabsorption modulator were used for drawing 12 (a), and drawing 12 (b). 
[Drawing 13] Drawing 13 is a graph which compares and shows the theoretical value of a bit 
error rate (BER) curve. 

[Drawing J 4] Drawing 14 is the block block diagram showing the conventional transmission 
equipment and the configuration of a transmission system. 
[Description of Notations] 

1 0 — Lightwave signal sending circuit, 

1 1 — 8:1 light multiplex circuit, 
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20 — Optical redundant-bit sending circuit, 

21 — 4:1 light multiplex circuit, 

30 — Optical redundant-bit generation circuit, 

31 — Optical tee (coupler), 

32 — The optical EXOR section, 
40 50 — Light MUX, 

60 — Lightwave signal receiving circuit, 

62 — 1:8 light separation circuits, 

63, 65, 66 — Optical discernment regenerative circuit, 

64 — Optical clock extract circuit, 

67 — Optical delay circuit, 

70 — Optical redundant-bit receiving circuit, 

72 — 1:4 light separation circuits, 

73, 75, 76 — Optical discernment regenerative circuit, 

74 — Optical clock extract circuit, 

77 — Optical delay circuit, 

80 — Optical redundant-bit processing circuit, 

81 — Optical tee (coupler), 

82 83 — Optical EXOR circuit (optical EXOR section), 
84 — Optical pattern discrimination decision circuit, 
85, 86, 91, 92 — Optical branching (coupler), 

87 88 — Optical gate circuit, 

89. 95,110, 120 — Optical multiplexing (coupler), 

90 — Optical AND circuit, 

93 94 — Optical gate circuit, 

100,101-103 — Optical NAND circuit, 

130,140 ~ Optical gate circuit, 

1 50 — Phase pi shifter, 

160,170,210,230 — Optical multiplexing (coupler), 

200 — Supersaturation absorber, 

220 — Phase pi shifter, 

240 — EA converter, 

250,290 — UTC-PD (optical receiver), 

260,280 — Optical multiplexing (coupler), 

270 — LN liquid crystal. 



[Translation done.] 
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[*ItR*a)CB] 
BEBBBBIi. S2BT!»± LfcUf * l J tfil»l: 

«rE«yrsEH»tt. ntpmy^mm&t. 
bbbbbkj: y«jfi$n«. c t «mi & -rieaisss 

[K*«2l «rE**ftttBafOBBfcJ:i;»E*B 
BBBBI*. BB©A*#-K**U 

BfcBMKEBU 

friE^y- K[HiKcD$i]?aiA^ii^i*. siotK— t-A^ro* 

A*)B#J&<«B^Bf=ftB $ *VT 1*5 C t t * 
[»*«3] BE%BBMBB*]BBftl=AB3ti« 

itsifiant^AAi-ct yti^t^iiBrf -s^Tv^-rxi-j: 
y«***i*ci:*»«i:-r«. if ** 2 ize«(Dea 

CB#B4] BE%BBnBSfnBBAI=AB£*iS 
JHW-hBBtt. 

Jt-»«ESK4:, Jfe«iPOTA*i:*yitfti:»Lt 
£^KA<t 5 ttrScD^ >*I-EBS tiSC t £*$S8<i: 

5 ] «rE%BttttBa*)isiB&tf be%bb 

*«*I=J: y BBB# £ BB** it -BBBBB Bi. 
«ftB*l=*y**BB-*-*B»-*B«GIBi:. 
oTSfiESWCtStlfflitS. B*B2l=EBa>£ 

cif^«6] BEBft-ftBBBBa. babuis* 

[1S*JS7] BEBft-%BBBBtt:. t-v/n'ViV 
yTBBBBS-efcfccfcfcBBiiT*. IS^JS5irl5 

[i«*«8] BE%BBBBBAI=AB$:ti£%y- 
KSBIi, 

juhmbb-s-aai:: <fc y m-sBfcs-ig^-e-'Sft-jfcTv w 

xiz«fcy««*ti4Ct*««f*-*. B*B2I=EB 



jfcutfi&lHlBi:. 

*M»«#A*lr«tyB*3tl=»UTBifr*3t-«T 
B*B2l=EBa>eBBB&tf5fceBS'* 

fA„ 

[if *H i o ] BBttSBBBBBBBIi. *SSec0A 
t*ifiifl)*E#- M=ft»BBBt*y- l-BB*B 

sui-ebu 

ft^fflfflE^- H=I4. $t>l=3fe»KlHlBi:i4ffl7rv7 

7 uj * ss-r 5 * * * u 

BE3fey— f-@Ba>*J»A*lcSi|0^- K^bOJtA* 
«#A<BB£*l. 

ffTEfi*ln->:7 3g)fe&^<P;K— H-E«gFtl-5ffJEjte 
t L, 

1 5-»«>BE5K- M=BE#y- H**W*tel::*tL« 
*B*BK-r«*y— KBBi: LtKCtSIWItt 
-5. iS*«l IcEKroestgS&tf jfce>j|v*-T-A. 
[BBB1 i] BBBfc J^BBBK-ttt-f^liB-y IT 

BBBOB yiTjEBBtt. jfcBBOKStf? h£aHff 
53t3CSf-v h&BBBSABL. 
gBBroBySTIEEIBIi. 3tB#«)5CS t*-v h^ftBT 

«feBBB*Bt;*eB->X-TA. 
IBBB12] BEilltSCBbfv hBBHBJSitffTE 
*5C«t*-y hSBBBtt. 

i i=EBa>eBKB*Bt?#eBS':*T-.k. 

[It*ii i 3 ] HiJEStTCfi t' v h ±fifcSBIi, jfcWflfe 

WE*5C«t*v hfflBlslBI*. 3tt*fl6WBSfaHlBi: . 
*««>/ - > ^BBf 4 fc - >SKBB b 

GjISB £ B tr i£ v X t- A „ 
[If^3Si4] BE3fe/<*->BBEIBI*. *5SW 
BBBI3B*ABUTt^i»ct *«Bi:r*. 11^^ i 

3 i-EKa>eaiBfi$Bt;3fefijii vxt-a. 

[0 o O 1 ] 

[^BJ(7>S-r-5afS»if] ^BBttBBBB^^BBK 
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[OO 0 2] 

tS^LfcvX-f-AT'li. "x — £ V=5^4 vO . Win-*:/ 
£ — P (Internet Protocol) h^"7<»>^ 

LTJsy. *0>»»4**T?-te£*ivb 
AlzliTbit/ s 5 $fiSMtfM{:6 

^Jl/JItl>WDM (Wavelength Division Multiplex! 
ng) <kl*5a«£* *ft*^0 1l:^hO/^(IS 
*a< LTB*K^8t^lt§TDM (Time Division Mu 
Itiplexing) <h l*5««*flMH Lftltfttfft 6 ft I*, if 

[0 O 0 3] WDMCD^^UMHSSSMbTlK J&\ fe 
£IM4T DMlCct y^^*;KDtf^ h U— h£JllfTl^ 

(XPM) fzJ:oT*-7T-r/«5**lc^^^ HUME 
t3t-i/>h49PXh-*HI*8ct. t 

f * h u- hco 2 *izit« Lrafi»«o>a*ic <»: y / * 
;uxawsi<ya«*fl:«i*fiz-r. *fc77-f/*=iT 

c*l &<o±«iic tjit-se«ajta>aiM^«»: y . *>« y a 
»*«s*±i:*t** (sn*>. flna»*a>«iJii) . 

[ooo4] z<&«fc5fcB*£*T«-r/<<. KyfijEtt 

* (FEC) tD*ea*>XT-A^<DMfflA<gftl^8fSB* 

ttxt^s. FEci*eaiB±a)Kya>»Hi3Ba«3S<a 

COBB («y^li*Sffl[s3SS) *<*fclKB#t£(ti&*£l^ 
*>lfCI*tt< . ^r-r **JUBB*<— «BT3K;tt£a>a 

(fit, FEco»*i*»yogai-wttm=fl) 

[0 0 0 5] *eaivX J rAlZjDl+4F ECIZI4. <fc<7) 
£5ft - [XK3] iziKo^fl&BBtfSft 

[3t9JM ] : ITU-TG.975: "Forward error correctio 



n in submarine systems" Geneva. (1996) 0 
[0006] [3t!tt2] : M. Tomizawa et al., "For 

ward error correcting codes in synchronous fiber o 

ptic transmission systems" .J. Lightwave Techno L, 

Vol. 15.No.1,pp43-52 (1997) « 
[0007] [t!3] : f$l¥l 1 -3 2008§ 

[0 0 0 8] Ril] [Zli. vXt- AT* 

Bffl*ftTi^»**<fcy. sisaico^u-A^^- 

h£^LTl>§C£#;rS*LTUSo [Sr»2] iz 
(4. eJt^v^-rAT*<7)^3b<fe4Ci:^$ti. SD 
H (Synchronous Digital Hierarchy) <!: I* 5 SIBM£2£ 

[0 0 0 9] B1 4\Zfr^ft*&ffi<D&mmm<»is*T 

r**±Lfc»-&isy$sB)Wic«iaiLrmmwir«!is-r 

SKyJTiElHlB (BD*>KyiTiE«?#lal» (FEC) ) *< 

Kit&*iri^4. a«flBa>«yiTjEia»i4. 

y. «ft«-»<D3i:*t*^ k *«ft5E«tr* b£ 

jaBB3**&*JM»i£«BBl SttLT. IE L < fTIE 
* *lfc«ft«**<*(I*f=«** tl*M U X 4 *n binm 

[0 0 10] *MUX 5 ^Lrg{iLf:?tiI^ 

l*^fcfctf«ft«*^K»S*t. fi*«(DISyiTjEHB 
lzT«P«Ky*<i»MI^ITiE$tL-So C(DS««0>»y 

itjeihibi4. msie^cDjcfie^ h^sm-r^m^nzs 
tr* hMi»7t»y, «*ii«ft«*s&«sB6* 

h«iaialB8lz«|&$tL. jELlM*BC:ft4* 
[0 0 1 1 ] 

•■*^ufceai=j:y**«flta>a«*-ci*a«3^ 

HEtte-So L^Lfttfb. ***;usfcya>ii? h U- 
h7b<_t^L. 8 OGbit/sfiSlcftii:* «9Li::«fc4 
S4§-aSl4ftaBttT'««. ±i$CDfcQ<&3fcCDF EC® 

Bi*«a«a*«rat Lrasy. mMfi*»Gbit/» 
A<is^-trfe^>c s«i oGbit/ sfigcoeaisisri? 

ajffttl^FECCttM (Bt 1 OMbit/s) IC* 
Tli'b LtTTL [s<)i,T~mW£tlXl\Z>0>tfliltAjiz 
Vtb&tfi* 1 00Gbit/ s 9 =7*<D{m&Z0)ls'<)l' 
*-Ctf&-r<OI48«**±*3X XIK [3] 

I4S t ^ h v <7 <t ft o T L>^> U t C P U ^Ktt^ 
fctl^^-Cj»*WTfc4^ -t+lT-tifcBtftSia 
B. t-ftt5%*teWBffiftiaB^/^->BBIBB<Z)« 
SEBBftl*! 0 0Gbit/sfiSTM4^Brgg-e&*« 
[0 0 12] ^Ctr*^B^c^@W(4. 5felZcfe*«*«B 
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[0 0 1 3] 

&o *JBEI4* -tie [X»3] lcB*(07— 
«*-»fflaj £l»g<bLtcFEC£*;ft£1C-f 

•>*^iu::jsivt\ codings**. ga»tjssLfc 
y s ganfld&db urnr <&« y itjeeb^b 

tl % ZORyJTjEEiaii. :fc£S/#gtiH]S<!:. 
BB&* *»*ttltafDBBi:* XBMBB&. *5 

[0 0 14] 

[cno)XiKo»m KiTr=. ft*ifr 

*B«<D«l::OlvCt*L < WBT 4. 

(m i HffiJ^ffi) B 1 l=*BMO>ft»BB<D$'*T-AlB 

•BtBBBfc^ti-rtu ea»-cB±Lfc»*»y* 
aBWi=BBLT*a>**-cftB-r*»yirjEBB (f 

EC) A<Kl+e>*tTl^e 

[0 0 15] SIABtctt. MWMRi Ofc. ±E 
0>KyinEBB£ LTB#*«#a>5C*tf^ h£2HrT 

±*-r**3c*e^ h±«@iS3o*<isitt)4xrt^o 

fLT, JEL<ITjES*t*:3ft«#l**fl>*«»**ff 
(ZjfeMU X 4 0A^&*'> h^— 9^ai«*tt4 0 — 
XMU X 5 0 6* LTMLfc*i*i. »««<©« y 

frjEBBicr»*Ky*<a»Mi3inESti*. a««i- 

14. ZO>*«ffl(D«yiTjEIsI»i: Lr«*3t«*a>5Cft 

^iiaiseot, *«#cD5c*e-> h*«fta-r«*3c* 

6£T*. (HI 4#B) £l4Rfc£C 

[0 0 16] «JIB(DeiiUtB«>BJSB*«ffL<BB 
B2lcli3fe«#a6«BB(D«fiES-^L. H3 
l=l**3C*e^ hi»BBBW)BKl**"r. B2<&»1<* 
«#3lftla]»i 0(4. 8 : ift^SEBi i «#3§ 

(noteib) i 2A*&ay. mx0>%Rftt:? h£a 

0B3 0*>&<&3te«#**MU X 4 0"M£{rt££5lC 
«f$£*iTl>& c *fc. B3<DJD<*5E*f^>a«B 
B2 014. 4 : 1 :fc£»SB2 1 £ . »#B (NOT® 

B) 2 2*^&«y, maa>*5c*f-y hijaig»3o^ 



[0017] 3t<i^-2ifg®B i o £«Wrt- 4 8 : 1 
BB1 1 I45t£S<tEHlS&T*fc5c 3fc£M<b(40T DM 

(Optical Time Division Multiplexing) "C-t^l^L. 
WDMtUl^ Sfcftfitf h3l«lHlB2 0CD4 : 1 % 

&mt®&z i t,ra«-efc5. wi=*3c«tf^ k±«b 

B3 OC&rtfflllCfcl^ 5fc#ll&EB^£ftEXOR[H]B 

fey, 1 OOGbit/s<7^XT*»f^figT*&4o 
[0 0 1 8] oiflz, B4l45ft5E*t^ h*J«lalB3 o 
OfilJ&^-fe fcfc\ CZTI4-^J<h LT. (12. 
8) Hammi n g SH§-<7>#]£ fclf 4A<. !&f LtC<0 
»#-eS< fc t<fcl^o SfcftStfu/ h£fi£l3»3 Oli % 5fe 
»«»3 1 SEXOR3 2£fr€>j£y, Hj;F(Dck5 
(ZH amm i n g A^t* 4 <h . *«-^ai«iaB 1 

[0 0 19] H5lCl43fefI#S<ItHlB6 00«f|£^^ 
L. U6[Zl4*5Cfit*^ hS<IlHlB7 0<7)«^$^L. 
B7lzl4*5i:«tf-> hfflaEIB8 oa>«fies^-To *« 
^-Sft(s]SS6 0IZI41 : 8*»«lHl8 6 2A<E«$*L, 
*-C0>«»lll±tffa53lfeBSW*BB6 3. 6 5, 6 
6. □ ??ttttBB6 4/»<EB$*lTl^*^ ceo 
&f£<7>-ol4*t< t tcfcl^o «7C*t*^ h»«!3B7 0 
ICI4. 1 : 4*»IBB7 2A<Ei**l, 
±tft«5*«fflW±i»7 3. 7 5. 7 6.^P7 
*«Ui®B7 4*<B«$*iTl*4#. C0>aS0)-ol4 

[0020] fcfc\ CZT'14. «2ftftM0>B&£l*fc* 

8 Ot«S6a)*5C*e^ h±«BB3 OiBWc. 
tt«8 1 4:*EXORfflJ8 3lCcky*flcS*l4ft. t*^ 
h»J*EXOR[slB8 2i:J6AND (NAND) BBlC 

— >»»JBB 8 4ICJ: y«fiE**LTl^«. 
[002 1 ] ffli£LfcB4i:H7l::*SF*i4cJ:5l^ ft 
^ftBBBfcLTi&BttafeftBHBB*!*. *»*tHB 
tjfeEXO R[alB£3fc A N D (XI4NAND) 0BT?fc 

5. ::t\ ft#(tBBl***^7-c36»"C**. 

[00 2 2] i8 (a) . (b) (CI4. JLi$<7)3feEXO 
R[sJB<7>tS/&<b. A*7K-h<DttWS^-fo H8 (a) 
l^*ttfc«JS^*EXORBBl4. -OOAAtK-K 
i:. ##-hf=*^9, •WP*l-*y***Bt , **y 
-hCs)B8 7^. **^<D-ffi»SWf»ftiL. WW 
— h0>2i7— h(53SS8 8 &m®£-£&9i&&t. —OO 
fty-h@B8 7. 8 8 0>ai*l*$»-r4**aBi: L 
-C(D*^7l^«l:y«fit$tlT^4. 

[0023] ::t\ 18 (b) \z^t£o\z. * c — h 

13^6 "0" . ^-K2^b "0" A<A^)?tl^<i:. & 
*y— hfsJBl4&£igi§£i*& : fc-- KI=<CoTl^43C»<. 
«^*e**<0&0)T*. EXOR[s3£&CDtli^l4 "O" V 
fc^o *-M^b "1" . jK-K2^6 "0" 
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*y- HBBIt««It- ft l J • ffiatttf-hl 
^bC0m^3tCDffiSC0^i:^y . E XOR{°l^Otti^li 
M 1" tfti. H*6 M 0" . *-h2^b 
"1" (7)ii£t±T*t^T*te&<DT% H«T?fc4o 
h 1 fc7K-h2<&W*«fcy "1 " *< A A* ft 4**1*. 
*y-hia8i <k 2lir©#i:t3feS^r ; E- KTfty, E 
xoRftAl* "o" tUZ> Q zttlCcfey. EXORf&JI 

MMSft*. 
[0024] *ANDlsl»ICOL^Ttt(t*A^e>WS?*4l 

18 (a) £>&EXOR[s)8S8 2(D«fiEi:, 18 (b) 

— hII]S&(Dli^£JSlE£l±££. *ANDIalKi:«p*Z 

[002 5] i9 (a) - (d) IClis ±&Lfc 

3t A N D [U£&<h N A N D \°iit&ff)ffif& £. k A**"— hlZ-O 
l^T^LTl^o §9 (a) ICtf-T^AN DlsJS&lCfcl^ 
T. 19 (b) lC^-rcfc5^A^7K— KOrtStttS. 

b "o" . ;K-h2^b 44 O w 3b<A***t**«. *y 

— h(s]ft9 3, 9 4 Itm^t FtZOXA N 
D@&±<*Otfc;rj{£0-cfc&o *fc»K-H^6 

"0" . *-h2^b "1 " A<A**ft££*y-h 1 
teilffl^e- h\ Y— h 2 liSKr^- KK*<* tK- h 1 \Z 
"0" *<3fcTl><l>CDT*, AN DSSS^fctJAl* 
"O" T?fc4. ?K— h 1 A* 6 "1 " . *K— h2^b 
"0" <D*£*±T#»£<&TIW*rfc*>. *K-h1 t 
h2^b 44 1 " *<A»£ft*£lSS;&0>>f-- h 1 . 2 
a<fiffl^-Rcfcy^»$ftT "i" tftS. -<7>* 

t-sat^grfc^o 44 1" mmexoro 
- <g 1 # *> a t, r* ft & o 

[0026] 19 (c) ICliNANDlHJg&<D^j££?fv 
to FEClZcfc4«y h»SlZl*. >B«G> 

a«*m*bft<&A<* Cftl^liANDSSS^islBSlcN A 
NDSBtfMt-fci. £7cCCD<!:#a>A*)* c — hi*. 

19 (d) lC3F-r«fc5fcl*38i:fc6. -rft3b*>. --"t* 
tK- hllzl*. IE!i31(7>5fe>f- h 1 tmzft-W&t 

txzr^tfftmzmmztiTtsv . #-h2 

irl*mii^pty-h2A^iHS$^Tfcy. *ft-?ft0> 

ftY- hl*«*<D*y— ha>A**«!»3fet It^Jc 
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i§£\ hBBl li*iB»^— h\ y-h2li*2 
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2^b 4, 0" (Om^lts WOV- hliitBT^E- KT?ft 
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USSirtrfcSo L^L. FEC(D7^'J^-v3>^ 
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-2±<D£ Zfr(D\fv hA< " 1 " -Cfcy. C(Dt*7hti 
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m=Ft Ltlis L i N b03 (LNJSS) 2 7 0 
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ftihLT. tecfc*3dB<D"7 — v>£tt CCtA<"e#4„ 
[0 0 3 4] *lfi»IBl^»"-^*KMLfc*<, -T-< 

siwai:LfcFEca>aji*<Pi«er'fey. zcdsamc*, 
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11-8:1 #*mBB* 

2 0-*3Cftf^ httfltBB. 
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